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Study of τ− → V P−ντ in the framework of resonance chiral theory
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In this paper we study two kinds of τ decays: (a) τ− → (ρ0π−, ωπ−, φπ−,K∗0K−)ντ ,
which belong to ∆S = 0 processes and (b) ∆S = 1 processes, like τ− →
(ρ0K−, ωK−, φK−,K
∗0
π−)ντ , in the framework of resonance chiral theory (RχT). We fit
the τ− → ωπ−ντ spectral function and the invariant mass distribution of ωK in the pro-
cess of τ− → ωK−ντ to get the values of unknown resonance couplings. Then we make a
prediction for branching ratios of all channels.
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I. INTRODUCTION
As the only lepton with the ability of decaying into hadrons, τ decay provides an excellent
environment to study the nonperturbative dynamics of QCD. In these decays, the intermediate
resonances may play an important role. On the other side, due to the improvement of statistically
significant measurements, the branching ratios and spectral functions of the processes contain-
ing resonances in the final states of τ decays have also been determined in recent experiments
[1][2][3][4][5]. Some theoretical discussions have been devoted to the study of a τ decaying into a
resonance plus a pseudo-Goldstone meson and a tau neutrino in literature. Angular decay distri-
bution for τ → ωπντ was studied in [6]. A chiral lagrangian derived in a similar way to the Nambu
Jona-Lasinio model, has been used to investigate mesonic τ decays in [7]. Vector meson dominance
model has also been applied to the studies of τ decaying into φ(ω) plus one pseudoscalar meson
[8] recently.
Chiral perturbation theory (χPT) is a powerful tool to describe the interaction for pseudo-
Goldstone mesons, which is based on the chiral symmetry and the momentum expansion [9]. When
the typical energy scale of the process reaches around Mρ, χPT has been extended to resonance
chiral theory (RχT), where all of the symmetry allowed operators, consisting of specific number
of multiplets of resonances and pseudo-Goldstone mesons, can be introduced in a systematic way
2[10][11][12]. To build a more realistic QCD-like effective theory, large-NC techniques and short-
distance constraints from QCD have been implemented into the resonance effective theory to
constraint resonance couplings [13][14][15][16]. Therefore, resonance chiral effective theory can be
a perfect tool to study hadronic τ decays. Indeed it has already been employed in the studies of
τ → πKντ [17], τ → πππντ [18] and τ → KKπντ [19].
In this paper, we will make a comprehensive analysis for τ decaying into a vector resonance
plus a pseudo-Goldstone meson and a tau neutrino: (a) ∆S = 0 processes, such as τ− →
(ρ0π−, ωπ−, φπ−,K∗0K−)ντ and (b) ∆S = 1 processes, like τ− → (ρ0K−, ωK−, φK−,K∗0π−)ντ ,
in the frame of RχT.
II. THEORETICAL FRAME FOR TAU DECAYS
The amplitude for τ−(p) → P−(p1)V (p2)ντ (q), where P− can be π−,K− and V can be
ρ0, ω, φ,K∗0, K¯∗0, has the general structure
−GFVuQuντ (q)γµ(1− γ5)uτ (p)[ v εµνρσpρ1pσ2 − (a1 gµν + a2 p1µp1ν + a3 p2µp1ν) ]ǫ∗νV (p2) , (1)
where GF is the Fermi constant; VuQ is the CKM matrix element; εµνρσ is the anti-symmetric
Levi-Civita` tensor; ǫ∗µV (p2) is the polarization vector for the vector resonance; v denotes the form
factor of the vector current and a1, a2, a3 are the corresponding axial-vector form factors.
We will evaluate the form factors in Eq.(1) using RχT. The leading O(p2) lagrangian of χPT is
L2 = F
2
4
〈uµuµ + χ+〉 . (2)
The kinematic term for the (axial) vector resonance, in the antisymmetric tensor formalism, is
Lkin(R) = −1
2
< ∇λRλµ∇νRνµ − 1
2
RµνRµν >, R = V,A (3)
and the relevant interaction lagrangian only including one multiplet of resonances are given by [10]
L2V = FV
2
√
2
〈Vµνfµν+ 〉+
iGV
2
√
2
〈Vµν [uµ, uν ]〉 , (4)
L2A = FA
2
√
2
〈Aµνfµν− 〉 . (5)
The interaction operators containing two multiplets of resonances have also been written down in
[15][16]:
LV V P = d1εµνρσ〈{V µν , V ρα}∇αuσ〉+ id2εµνρσ〈{V µν , V ρσ}χ−〉
+d3εµνρσ〈{∇αV µν , V ρα}uσ〉+ d4εµνρσ〈{∇σV µν , V ρα}uα〉 , (6)
3LV JP = c1
MV
εµνρσ〈{V µν , fρα+ }∇αuσ〉+
c2
MV
εµνρσ〈{V µα, fρσ+ }∇αuν〉
+
ic3
MV
εµνρσ〈{V µν , fρσ+ }χ−〉+
ic4
MV
εµνρσ〈V µν [fρσ− , χ+]〉
+
c5
MV
εµνρσ〈{∇αV µν , fρα+ }uσ〉+
c6
MV
εµνρσ〈{∇αV µα, fρσ+ }uν〉
+
c7
MV
εµνρσ〈{∇σV µν , fρα+ }uα〉 , (7)
LV AP = λV A1 〈[V µν , Aµν ]χ−〉+ iλV A2 〈[V µν , Aνα]hαµ〉+ iλV A3 〈[∇µV µν , Aνα]uα〉+
+ iλV A4 〈[∇αV µν , Aαν ]uµ〉+ iλV A5 〈[∇αV µν , Aµν ]uα〉 , (8)
where 〈...〉 is short for the trace in flavor space and as usual the chiral fields uµ, fµν± , χ±, hµν
are defined in terms of the pseudo-Goldstone mesons and external source fields [10]. The SU(3)
matrices for vector and axial-vector resonances are given by
Vµν =


ρ0√
2
+ ω8√
6
+ ω1√
3
ρ+ K∗+
ρ− − ρ0√
2
+ ω8√
6
+ ω1√
3
K∗0
K∗− K∗0 −2ω8√
6
+ ω1√
3


µν
,
Aµν =


a0
1√
2
+
f8
1√
6
+
f1
1√
3
a+1 K
+
1A
a−1 − a
0
1√
2
+
f81√
6
+
f11√
3
K01A
K−1A K
0
1A −2f
8
1√
6
+
f11√
3


µν
,
and K1A is related to the physical states K1(1270),K1(1400) through:
K1A = cos θ K1(1400) + sin θ K1(1270) . (9)
About the nature of K1(1270) and K1(1400), it has been proposed in [20] that they result from
the mixing of K1A and K1B , where K1A denotes the strange partner of the axial vector resonance
a1 with J
PC = 1++ and K1B is the corresponding strange partner of the axial vector resonance b1
with JPC = 1+−. However in this paper, we will not include the nonet of axial vector resonances
with JPC = 1+−. As argued in [20], the contributions from these kind of resonances to tau
decays are proportional to the SU(3) symmetry breaking effects. Moreover, as one can see later,
we will assume the SU(3) symmetry for pseudo-Goldstone masses and also SU(3) symmetry for
both vector and axial vector resonances in deriving the T-matrix throughout this article. Physical
masses will be taken into account in the kinematics. For the vector resonances ω and φ, we assume
4the ideal mixing for them throughout this paper:
ω1 =
√
2
3
ω −
√
1
3
φ ,
ω8 =
√
2
3
φ+
√
1
3
ω . (10)
In summary the RχT lagrangian that we will use in this paper is found to be
LRχT = L2 + Lkin(V,A) + L2V,A + LV V P + LV JP + LV AP . (11)
Using the RχT lagrangian above, we obtain the form factors v, a1, a2, a3 for τ
−(p) →
K−(p1)ρ0(p2)ντ (q):
v = −i 2FV
FKMρ
[ (d1 + 8d2)m
2
K + d3(−m2K +M2ρ + s) ]DK∗(s)
+ i
√
2
FKMVMρ
[ (c1 + c2 + 8c3 − c5)m2K + (c2 + c5 − c1 − 2c6)M2ρ + (c1 − c2 + c5)s ] ,
a1 =
1
4MρFK
{
FV (m
2
K −M2ρ − s)− 2GV (m2K +M2ρ − s) +
2
√
2FA[λ0m
4
K + (M
2
ρ − s)(λ′M2ρ − λ′′s)−m2K(λ0M2ρ + λ′M2ρ + λ0s+ λ′′s) ]
×[ c2θDK1H(s) + s2θDK1L(s) ]
}
,
a2 = −GVMρ
FK
DK(s) +
√
2FAMρ
FK
(λ′ + λ′′)[ c2θDK1H(s) + s
2
θDK1L(s) ] ,
a3 =
FV − 2GV
2FKMρ
− GVMρ
FK
DK(s) +
√
2FA
FKMρ
(λ0m
2
K + λ
′′M2ρ − λ′′s)[ c2θDK1H(s) + s2θDK1L(s) ] ,
(12)
where s = (p1 + p2)
2 is the invariant mass of ρ and K; cθ, sθ are short for cos θ, sin θ; F and FK
are the decay constants for pion and kaon; K, ρ,K∗,K1L,K1H are used for kaon, ρ(770), K∗(892),
K1(1270) and K1(1400) respectively. DK(s) denotes the propagator for kaon
DK(s) =
1
m2K − s
(13)
and the corresponding definition for the resonance R is
DR(s) =
1
M2R − s− iMRΓR(s)
, (14)
5where the energy dependent decay width ΓR(s) will be discussed in detail later. For convenience,
some useful combinations for λV Ai have been used:
√
2λ0 = −4λV A1 − λV A2 −
λV A4
2
− λV A5 ,
√
2λ′ = λV A2 − λV A3 +
λV A4
2
+ λV A5 ,
√
2λ′′ = λV A2 −
λV A4
2
− λV A5 , (15)
which have already been determined in [16]. In deriving the expressions above, we have assumed
SU(3) symmetry for the pseudoscalar masses in the T-matrix. Physical masses are taken into
account in the kinematics. The kaon decay constant FK have been used in the form factors,
instead of the parameter F appearing in the resonance chiral lagrangian. Likewise for the processes
containing pion in the final states, Fpi will be introduced. The O(p4) corrections to Fpi, FK in
resonance chiral theory have been studied in [21]. Throughout this paper, instead of stepping into
the detail of the high order corrections to Fpi, FK in RχT, we will take the phenomenological values
for them in the numerical discussion. However when discussing the high energy constraints, SU(3)
symmetry will be imposed to the pseudo-Goldstone meson, i.e. only F will enter the discussion of
QCD short distance constraints [16]. For the value of the pseudo-Goldstone meson decay constant
F in SU(3) limit , we will use the pion decay constant to estimate it. F will be also used to denote
the pion decay constant in the remaining part of this paper. The form factors for τ− → ωK−ντ ,
τ− → φK−ντ and τ− → K∗0π−ντ are very similar to the ones of τ− → ρ0K−ντ . We give the
explicit expressions for these channels in the Appendix.
All of the processes above are driven by ∆S = 1 currents , where both vector and axial-vector
currents can take part in each channel . In ∆S = 0 processes, such as τ− → ρ0π−ντ , τ− → ωπ−ντ ,
τ− → φπ−ντ and τ− → K∗0K−ντ , not every channel can get contributions from both vector
and axial-vector currents. For τ− → ρ0π−ντ , only the axial-vector current contributes, while
τ− → ωπ−ντ is only driven by the vector current. τ− → φπ−ντ vanishes in our model, since it
belongs to the next to leading order of 1/NC expansion, which is beyond our scope. So in this
paper we will not discuss this process. The explicit expressions for the form factors of ∆S = 0
processes are also given in the Appendix.
Besides the lowest multiplet of resonances one can also introduce heavier multiplets in RχT.
However, including another multiplet, though trivial, may affect the well established relations of
the couplings for the lowest multiplet [22].
6The contribution to τ− → ρ0K−ντ from the new vector multiplet V1 is
vV1 = −i FV1
FKMρ
[ dmm
2
K + dMM
2
ρ + dss ]DK∗′(s) , (16)
where K∗′ corresponds to the physical resonance K∗(1410) and we have used the following la-
grangian, given in [22], to get Eq.(16):
L2V1 =
FV1
2
√
2
〈V1µνfµν+ 〉 , (17)
LV V1P = daεµνρσ〈{V µν , V ρα1 }∇αuσ〉+ dbεµνρσ〈{V µα, V ρσ1 }∇αuν〉+
dc εµνρσ〈{∇αV µν , V ρα1 }uσ〉+ ddεµνρσ〈{∇αV µα, V ρσ1 }uν〉
+ deεµνρσ〈{∇σV µν , V ρα1 }uα〉+ idfεµνρσ〈{V µν , V ρσ1 }χ−〉 . (18)
For the sake of simplicity, some combinations of di from Eq.(18) have been defined in Eq.(16)
dm = da + db − dc + 8df ,
dM = db − da + dc − 2dd ,
ds = dc + da − db . (19)
The corresponding contributions from the new vector multiplet to other channels will be included
in the form factors given in the Appendix.
To fulfill the QCD short-distance behavior [23], the vector form factor v defined in Eq.(1) should
vanish at high energy limit, which gives us a new constraint to the resonance couplings
c6 − c5 = 2d3FV + dsFV1
2
√
2MV
, (20)
and also allows us to recover the constraint already given in [15]:
c1 − c2 + c5 = 0 . (21)
Both the chiral symmetry and SU(3) symmetry for vector resonances have been assumed in deriving
the above constraints. Another constraint from [15] that will be useful for us is
c1 + 4c3 = 0 , (22)
which, like the constraint in Eq.(21), will not be influenced by including the new multiplet [22].
For the axial-vector current, since we do not include extra operators for axial-vector resonances in
this paper, the constraints on the axial-vector resonance couplings are the same as those in [16].
7III. PHENOMENOLOGICAL DISCUSSION
To perform the numerical discussion, the values of related parameters will be taken from [16]:
F 2V = F
2 M
2
A
M2A −M2V
, F 2A = F
2 M
2
V
M2A −M2V
, G2V = F
2M
2
A −M2V
M2A
, (23)
where MV and MA denote the masses for vector and axial-vector resonances in large-NC limit.
As pointed in [22], MV can be safely estimated by the mass of ρ(770) meson, while for the axial-
vector resonance, MA is apparently different from the mass of a1(1260) andMA = 0.998(49)GeV is
obtained using the experiment value for the axial-vector form factor in [22]. Throughout this paper,
we will use MV =Mρ and MA = 0.998GeV to evaluate resonance couplings, but masses appearing
in the kinematics will take their values from [1]. The explicit values for resonance couplings that
we use in the fit are given by
F = 0.0924, FK = 0.113, FV = 0.147, FA = 0.114, GV = 0.058 , (24)
in units of GeV and the values of the pion decay constant F and kaon decay constant FK are
taken from [24]. Using the decay widths of ρ→ e+e−, a1 → πγ and ρ→ ππ, one can respectively
estimate the values for FV , FA, GV :
FV = 0.156, FA = 0.122, GV = 0.066, (25)
which are given in units of GeV. One can see that they are reasonably consistent with the theoretical
determinations given in Eq.(24).
The resonance couplings λ′, λ′′ and λ0, which are related to axial-vector resonances, have also
been given in terms of the masses of resonances in [16]
λ′ =
MA
2
√
2MV
, λ′′ =
M2A − 2M2V
2
√
2MAMV
, λ0 =
λ′ + λ′′
4
. (26)
One can easily get the values:
λ′ = 0.455, λ′′ = −0.0938, λ0 = 0.0904 . (27)
However in later discussion, to test the stability, we will also perform our fit using another set of
values for λi:
λ′ = 0.5, λ′′ = 0, λ0 = 0.125, (28)
which can be derived by assuming the original KSRF relation FV = 2GV [16].
8For the heavier vector multiplet parameter FV1 , we determine its value using the decay widths
of V1 → e+e−, which will be discussed in detail in the following subsection. Other parameters
related to the heavier vector multiplet dm, dM , ds, will be fit later. Due to the inclusion of the
new vector multiplet, some of the well established constraints in [15], such as d1+8d2, d3, will get
corrections [22]. However, since the combination of d1+8d2 is the coefficient of the mass of pseudo-
Goldstone mesons, the final results should be rather insensitive to the value of this combination.
So we will still take the value from [15] as an approximation. While for d3, we will fit its value
in the τ− → ωπ−ντ spectral function. The mixing angle θ in Eq.(9) will be fit in the invariant
mass distribution of ωK system from τ− → ωK−ντ . So in total, we have 5 free parameters to
fit: d3, which is a resonance coupling related to the lowest vector multiplet; dm, dM , ds, which are
the couplings for the excited vector multiplet V1; the mixing angle θ, which is a parameter for
the axial-vector resonances defined in Eq.(9). For the remaining parameters, which have not been
mentioned above, we will take their values from [1].
A. Determination of the parameter FV1 for the heavier vector multiplet
Since we have included a set of new multiplet for vector resonances, a corresponding set of
physical states has to be assigned to this multiplet and a natural choice from the particle lists
presented in [1] should be
{ρ(1450), ω(1420), φ(1680), K∗(1410)} ∈ V1 . (29)
As for ω and φ, ideal mixing will also be assumed for ω′ and φ′.
For FV1 we use the decay widths of V1 → e+e− to determine its value. The decay width for
a vector resonance V → e+e− can be deduced using FV
2
√
2
〈Vµνfµν+ 〉. The expression for the decay
width of V → e+e− is found to be
Γe
+e−
V =
1
3
1
8π
√
M2V − 4m2e
2M2V
64α2π2F 2V (2m
2
e +M
2
V )
M2V
, (30)
where α is the fine structure constant; V is a vector resonance with isospin I = 1. For I = 0
states, such as ω and φ like vector resonances, one has to multiply the above formula with 19 and
2
9 respectively due to their different couplings with the photon.
The available decay widths of the vector resonances in the new multiplet to e+e− can be ex-
tracted from [1]: Γρ(1450) ∼ 1.8 KeV, Γω(1420) ∼ 0.12 KeV, where we have used Γpipi×Γe+e−/Γtotal =
0.12 KeV, Γpipi/Γωpi = 0.32 , Γωpi/Γtotal = 0.21 to get Γρ(1450)→e+e− and Γρpi × Γe+e−/Γtotal =
90.081KeV, Γρpi/Γtotal = 0.7 to extract the value for Γω(1420)→e+e− . Using this set of data allows us
to make an estimate for FV1 :
Γρ(1450) = 1.8KeV ⇒ |FV1 | = 0.11GeV ,
Γω(1420) = 0.12KeV ⇒ |FV1 | = 0.08GeV , (31)
where one can see that the assignment (29) seems reasonable. Although due to the poor knowl-
edge for ρ(1450) and ω(1420), different sets of values for Γρ(1450)→e+e− and Γω(1420)→e+e− can be
extracted from different experimental groups results [1], most of them lead to a prediction for
|FV1 | around 0.1GeV. About the sign of FV1 , since in our case what appears in the T-matrix is
always the combination of FV1( dmm
2
pi + dMM
2
V + dss), this allows us to fix the sign of FV1 and
to leave dm, dM , ds free. So in later discussion, we will set FV1 = −0.1GeV. To determine the free
parameters dm, dM , ds, which are related to the new vector multiplet, we will fit the τ
− → ωπ−ντ
spectral function and the invariant mass distribution for ωK in the decay of τ− → ωK−ντ .
B. Introduce the energy dependent decay widths for intermediate resonances
Before stepping into the fit, some points about the decay widths of the intermediate resonances
appearing in τ decays will be stressed. Since most of the intermediate resonances have wide decay
widths, the off-shell widths of these resonances may play an important role in the dynamics of τ
decays. To introduce the finite decay widths for the resonances implies that the corrections from
the next-to-leading order of 1/NC expansion are taken account into our game. This issue has been
discussed in [25] for the decay width of ρ(770) and we take the result of that article
Γρ(s) =
sMV
96πF 2
[
σ3piθ(s− 4m2pi) +
1
2
σ3Kθ(s− 4m2K)
]
, (32)
where σP =
√
1− 4m2P /s and θ(s) is the step function. About the energy dependent widths
for ρ′,K∗,K∗′,K1(1270),K1(1400), a1(1260), we follow the similar way introduced in[17][26] to
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construct them:
Γρ′(s) = Γρ′
s
M2ρ′
[
σ3pipi(s) +
1
2σ
3
KK
σ3pipi(M
2
ρ′) +
1
2σ
3
KK(M
2
ρ′)
]
,
ΓK∗(s) = ΓK∗
s
M2K∗
[
σ3Kpi(s) + σ
3
Kη(s)
σ3Kpi(M
2
K∗) + σ
3
Kη(M
2
K∗)
]
,
ΓK∗′(s) = ΓK∗′
s
M2
K∗′
[
σ3Kpi(s) + σ
3
Kη(s)
σ3Kpi(M
2
K∗′
) + σ3Kη(M
2
K∗′
)
]
,
ΓK1L(s) = ΓK1L
s
M2K1L
[
σ3Kρ(s) + σ
3
K∗pi(s)
σ3Kρ(M
2
K1L
) + σ3K∗pi(M
2
K1L
)
]
,
ΓK1H (s) = ΓK1H
s
M2K1H
[
σ3Kρ(s) + σ
3
K∗pi(s)
σ3Kρ(M
2
K1H
) + σ3K∗pi(M
2
K1H
)
]
,
Γa1(s) = Γa1
s
M2a1
[
σ3piρ(s) +
1
2σ
3
KK∗(s)
σ3piρ(M
2
a1) +
1
2σ
3
KK∗(M
2
a1)
]
, (33)
where
σPQ(s) =
1
s
√
(s− (mP +mQ)2) (s− (mP −mQ)2) θ
(
s− (mP +mQ)2
)
; (34)
and the constant parameter ΓR appearing in the energy dependent width will be fixed at the central
value of the corresponding resonance decay width given in [1]. For a1(1260), Γa1 = 0.5 GeV will
be taken. In the following sections, the energy dependent widths will be always implemented into
our discussion.
C. Predictions for branching ratios only including the lowest multiplet
In this subsection, we perform our discussion only including the lowest multiplet resonances for
τ decays. If the values for vector resonance couplings are taken from [15][16] and for axial-vector
resonance couplings we take λ′ = 12 , λ
′′ = 0, λ0 = λ
′+λ′′
4 , θ = 45
o (assuming ideal mixing), the
theoretical predictions for branching ratios are summarized in Table I for ∆S = 0 process and
Table II for ∆S = 1 process, which are presented in the next subsection.
We can see that the largest gap between the theoretical prediction and experiment data happens
in τ− → ωπ−ντ channel. Since only vector current enters into τ− → ωπ−ντ , it implies that only
including the lowest vector resonance in this channel is not enough and d3 determined in [15] will
get non-negligible corrections when extra multiplet is introduced. Therefore it can be a perfect
channel to investigate vector resonances. Moreover τ− → ρ0π−ντ can be an excellent process to
study the axial-vector resonance, since only the axial-vector current takes part in this channel.
However the data for this channel is absent.
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In the following discussion, we will always include two multiplets for vector resonances and fit
unknown couplings in the τ− → ωπ−ντ spectral function and the invariant mass distribution for
ωK in τ− → ωK−ντ .
D. Fitting results
The experiment data of the τ− → ωπ−ντ spectral function is given in [2] and the invariant mass
distribution of ωK system in τ− → ωK−ντ can be found in [3].
Following the definition of spectral functions for τ decays first given in [27] and recently sum-
marized in [28], the explicit expression of the τ− → ωπ−ντ spectral function in our model can be
written as
V (s) =
1
6F 2M2ωπs
2SEW
[
m4pi + (M
2
ω − s)2 − 2m2pi(M2ω + s)
]3/2
×
∣∣∣∣(2d3FV + dsFV1)M2ωM2V + FV1(dmm2pi + dMM2ω + dss)Dρ′(s)
+2FV [(d1 + 8d2)m
2
pi + d3(s+M
2
ω −m2pi)]Dρ(s)
∣∣∣∣
2
, (35)
where Eq.(20), Eq.(21) and Eq.(22) have been used and the value of the electroweak correction
factor SEW , which has been analyzed in [29], will be taken as SEW = 1.0194 (at the scale mτ ).
In the fit of the τ− → ωπ−ντ spectral function, we set FV1 = −0.1GeV, dm = −1.0 and fit the
parameters d3, dM , ds. The fitting results are
d3 = −0.25 ± 0.01,
dM = 0.99 ± 0.08,
ds = −0.29 ± 0.03, (36)
with χ2/d.o.f = 25.8/13 ≃ 2.0 .
The decay width for ρ′ given in [1] is 0.4 ± 0.06 GeV. The fitting results above are based on
Γρ′ = 0.4 GeV . If we take Γρ′ = 0.34 GeV, we find the χ
2 in the fit will get better. The fitting
results then are
d3 = −0.25 ± 0.01,
dM = 0.97 ± 0.08,
ds = −0.27 ± 0.03, (37)
with χ2/d.o.f = 21.8/13 ≃ 1.7 .
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In the fit of the invariant mass distribution of ωK, we take Eq.(37) as our inputs. So we set
dm = −1.0, ds = −0.27, d3 = −0.25 and take different values of λ′, λ′′, λ0 to fit dM , θ :
• In case of λ′ = MA
2
√
2MV
, λ′′ = M
2
A
−2M2
V
2
√
2
, λ0 =
λ′+λ′′
4 :
The results are
dM = 0.64 ± 0.93,
cos2 θ = 0.26 ± 0.11, (38)
with χ2/d.o.f ≃ 3.4/5 = 0.68 .
• In case of λ′ = 0.5, λ′′ = 0, λ0 = 0.125:
The results are
dM = 0.64 ± 0.87,
cos2 θ = 0.28 ± 0.12, (39)
with χ2/d.o.f ≃ 3.3/5 = 0.66 .
Since what we can fit in the two processes for the couplings dm, dM are actually the combinations
of (dmm
2
pi + dMM
2
ω) in τ
− → ωπ−ντ and (dmm2K + dMM2ω) in τ− → ωK−ντ , the true values for
dm, dM can be solved using the values we have got in the two processes :
• For λ′ = MA
2
√
2MV
, λ′′ = M
2
A
−2M2
V
2
√
2
, λ0 =
λ′+λ′′
4 :
dm = −1.90, dM = 1.00 . (40)
• For λ′ = 0.5, λ′′ = 0, λ0 = 0.125:
dm = −1.90, dM = 1.00 . (41)
With the above values of resonance couplings, the predictions for branching ratios we get are
summarized in Table I and Table II.
At the end of this section, some comments about the fitting results are given below:
1. For ρK−, ωK− andK∗0π− channels: The branching fractions for τ− → ωK−ντ with different
choices for λi are both consistent with the experimental value. However in our model we
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Exp One multiplet Fit 1 Fit 2
B(τ− → ρ0π−ντ ) — 8.1× 10−2 9.4× 10−2 8.1× 10−2
B(τ− → ωπ−ντ ) (1.95± 0.08)× 10−2 0.17× 10−2 2.1× 10−2 2.1× 10−2
B(τ− → K∗0K−ντ ) (2.1± 0.4)× 10−3 1.4× 10−3 1.5× 10−3 1.5× 10−3
TABLE I: Branching ratios for ∆S = 0 processes. The second column denotes experimental values, which are
taken from [1]. The values from the third column to the fifth column denote our predictions under different
assumptions: only including the lowest multiplet, the fitting results with λ′ = MA
2
√
2MV
, λ′′ = M
2
A
−2M2
V
2
√
2
, λ0 =
λ′+λ′′
4
(Fit 1) and the fitting results with λ′ = 0.5, λ′′ = 0, λ0 = 0.125 (Fit 2) .
Exp One multiplet Fit 1 Fit 2
B(τ− → ρ0K−ντ ) (1.6± 0.6)× 10−3 3.9× 10−4 4.7× 10−4 3.5× 10−4
B(τ− → ωK−ντ ) (4.1± 0.9)× 10−4 3.5× 10−4 4.0× 10−4 3.0× 10−4
B(τ− → φK−ντ ) (4.05± 0.25± 0.26) × 10−5(Belle) 1.7× 10−5 1.8× 10−5 1.6× 10−5
(3.39± 0.20 ± 0.28) × 10−5(BaBar)
B(τ− → K∗0π−ντ ) (2.2± 0.5)× 10−3 3.3× 10−3 5.1× 10−3 4.0× 10−3
TABLE II: Branching ratios for ∆S = 1 processes. The meaning of numbers in different columns is the
same to Table I. The experimental values for φK− channel are taken from [4] and [5]. The remaining
experimental data is taken from [1].
cannot explain the issue on the small ratio of the branching fraction B(τ
−→ωK−ντ )
B(τ−→ρK−ντ ) raised in
[3], since in our case the dynamics for the two processes are the same and the only difference is
the kinematics, which is very tiny in this case. Comparing the experimental data for K
∗0
π−
channel, our predictions seem larger. However taking into account that we work in the
leading order of 1/NC expansion and take the SU(3) symmetry for vector and axial-vector
resonances in the T-matrix, the prediction for the K
∗0
π− process can be acceptable.
2. For φK− channel: As we will see later, although our prediction for the invariant mass
distribution of φK in the decay of τ− → φK−ντ seems reasonably consistent with the
experimental data, the prediction for the branching ratio is around 50% of the experimental
value.
3. For ∆S = 0 channel: Since we fit the spectral function for ωπ process, the branching ratio
for τ− → ωπ−ντ is always perfect. The corresponding prediction for τ− → K∗0K−ντ is also
reasonable comparing with the experimental data and it is insensitive to the values of axial-
vector resonance couplings λi. Although the branching ratio for τ
− → ρ0π−ντ is absent in [1],
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the branching fraction of τ− → π−π+π−ντ can be a reference for the τ− → ρ0π−ντ process.
Comparing the experimental data B(τ− → π−π+π−ντ (ex.K0, ω)) = (8.99 ± 0.08) × 10−2 [1],
our predictions indicate that the branching ratio of τ− → π−π+π−ντ is dominantly con-
tributed by the τ− → ρ0π−ντ channel.
4. In the fit of the invariant mass distribution of ωK−, we get a rather large error for the
coupling dM . To understand this, we have made a detail analysis for this process. If we
switch off all of the other contributions except K∗′ resonance in τ− → ωK−ντ , the remaining
branching ratio is only around 12% of the total. Hence the large error we get for dM , a
resonance coupling related with K∗′, is not hard to understand. If the contributions from
K1(1270) and K1(1400) are turned off, we find the remaining parts contribute around 38%
of the total branching ratio and the situations in ρK− and K∗0π− channels are similar to
ωK− channel, which indicates that the axial-vector resonances play a rather important role
in these processes. However this phenomenon does not happen in φK− channel. In contrast,
if we switch off all of the other contributions except a1 resonance in τ
− → K∗0K−ντ channel,
which is driven by the ∆S = 0 current, only 23% of the total branching ratio can be reached.
5. In case of λ′ = 0.5, λ′′ = 0, λ0 = 0.125, our fitting result for θ is cos2 θ = 0.28 ± 0.12, which
indicates |θ| = 58.1+8.4−7.3 degrees. The result in the other case is quite similar. Our result
for θ is consistent with |θ| = 37o and 58o recently determined also in τ decays [30]. Our fit
favors the larger value.
6. About the uncertainties of our predictions for the branching ratios, taking into account the
approximation we have made throughout this paper, such as working in the leading order
of 1/NC expansion and SU(3) symmetry for vector and axial-vector resonances in the T-
matrix, and also considering the large error of the resonance couplings that we get from the
fit of τ− → ωK−ντ , a conservative estimate of the uncertainties of our predictions for the
branching ratios should be around thirty percent.
7. Comparison of the figures we have obtained for the τ− → ωπ−ντ spectral function and
the invariant mass distributions for ωK−, φK− between the experimental data are given
in Fig.(1-3) respectively. Although different choices for λi affect the branching ratios, the
invariant mass distributions are barely influenced. So we only plot the figures with λ′ =
0.5, λ′′ = 0, λ0 = 0.125.
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FIG. 1: Spectral function for τ− → ωπ−ντ . The experimental data are taken from [2].
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FIG. 2: Invariant mass distribution for ωK− in the process of τ− → ωK−ντ . The experimental data are
taken from [3].
IV. CONCLUSION
In this work, the resonance chiral effective theory is exploited to study a τ decaying into a vector
resonance plus a pseudo-Goldstone meson and a τ neutrino. Two multiplets of vector resonances
have been introduced in our discussion. We fit the τ− → ωπ−ντ spectral function and decay
distribution of τ− → ωK−ντ to get unknown resonance couplings. Then we make a prediction for
branching ratios for all channels. Taking into account the approximation we have made in this
paper, like taking the leading order of 1/NC expansion and SU(3) symmetry for vector and axial-
vector resonances in the T-matrix, we conclude that resonance chiral effective theory can describe
the experimental data reasonably, although the issue of the small ratio B(τ
−→ωK−ντ )
B(τ−→ρK−ντ ) raised in [3] is
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FIG. 3: Invariant mass distribution for φK− in the process of τ− → φK−ντ . The experimental data are
taken from [4], where only the data up to mφK = 1.75 GeV are quoted in the plot.
still there. Our fit for the mixing angle θ, which is defined in Eq.(9) to describe the mixture between
the flavor eigenstates of the axial-vector resonances and physical states K1(1270),K1(1400), leads
to |θ| ≃ 58o, which is consistent with previous determination with |θ| = 37o and 58o also from tau
decays [30].
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APPENDIX: Explicit expressions of form factors for other channels
The form factors of v, a1, a2, a3 for other channels derived by ∆S = 1 currents are given by
17
• τ−(p)→ K−(p1)ω(p2)ντ (q):
v = −i FV1
FKMω
[ dmm
2
K + dMM
2
ω + dss ]DK∗′(s)
−i 2FV
FKMω
[ (d1 + 8d2)m
2
K + d3(−m2K +M2ω + s) ]DK∗(s)
+ i
√
2
FKMVMω
[ (c1 + c2 + 8c3 − c5)m2K + (c2 + c5 − c1 − 2c6)M2ω + (c1 − c2 + c5)s ] ,
a1 =
1
4MωFK
{
FV (m
2
K −M2ω − s)− 2GV (m2K +M2ω − s) +
+2
√
2FA[λ0m
4
K + (M
2
ω − s)(λ′M2ω − λ′′s)−m2K(λ0M2ω + λ′M2ω + λ0s+ λ′′s) ]
×[ c2θDK1H(s) + s2θDK1L(s) ]
}
,
a2 = −GVMω
FK
DK(s) +
√
2FAMω
FK
(λ′ + λ′′)[ c2θDK1H(s) + s
2
θDK1L(s) ] ,
a3 =
FV − 2GV
2FKMω
− GVMω
FK
DK(s) +
+
√
2FA
FKMω
(λ0m
2
K + λ
′′M2ω − λ′′s)[ c2θDK1H(s) + s2θDK1L(s) ] . (A-1)
• τ−(p)→ K−(p1)φ(p2)ντ (q):
v = i
√
2FV1
FKMφ
[ dmm
2
K + dMM
2
φ + dss ]DK∗′(s)
+i
2
√
2FV
FKMφ
[ (d1 + 8d2)m
2
K + d3(−m2K +M2φ + s) ]DK∗(s)
− i 2
FKMVMφ
[ (c1 + c2 + 8c3 − c5)m2K + (c2 + c5 − c1 − 2c6)M2φ + (c1 − c2 + c5)s ] ,
a1 =
1
2
√
2MφFK
{
FV (m
2
K −M2φ − s)− 2GV (m2K +M2φ − s) +
+2
√
2FA[λ0m
4
K + (M
2
φ − s)(λ′M2φ − λ′′s)−m2K(λ0M2φ + λ′M2φ + λ0s+ λ′′s) ]
×[ c2θDK1H(s) + s2θDK1L(s) ]
}
,
a2 = −
√
2GVMφ
FK
DK(s) +
2FAMφ
FK
(λ′ + λ′′)[ c2θDK1H(s) + s
2
θDK1L(s) ] ,
a3 =
FV − 2GV√
2FKMφ
−
√
2GVMφ
FK
DK(s) +
+
2FA
FKMφ
(λ0m
2
K + λ
′′M2φ − λ′′s)[ c2θDK1H(s) + s2θDK1L(s) ] . (A-2)
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• τ−(p)→ π−(p1)K∗0(p2)ντ (q):
v = −i
√
2FV1
FMK∗
[ dmm
2
pi + dMM
2
K∗ + dss ]DK∗′(s)
−i2
√
2FV
FMK∗
[ (d1 + 8d2)m
2
pi + d3(−m2pi +M2K∗ + s) ]DK∗(s)
+ i
2
FMVMK∗
[ (c1 + c2 + 8c3 − c5)m2pi + (c2 + c5 − c1 − 2c6)M2K∗ + (c1 − c2 + c5)s ] ,
a1 = − 1
2
√
2MK∗F
{
FV (m
2
pi −M2K∗ − s)− 2GV (m2pi +M2K∗ − s) +
+2
√
2FA[λ0m
4
pi + (M
2
K∗ − s)(λ′M2K∗ − λ′′s)−m2pi(λ0M2K∗ + λ′M2K∗ + λ0s+ λ′′s) ]
×[ c2θDK1H(s) + s2θDK1L(s) ]
}
,
a2 =
√
2GVMK∗
F
DK(s)− 2FAMK
∗
F
(λ′ + λ′′)[ c2θDK1H(s) + s
2
θDK1L(s) ] ,
a3 = −FV − 2GV√
2FMK∗
+
√
2GVMK∗
F
DK(s)−
− 2FA
FMK∗
(λ0m
2
pi + λ
′′M2K∗ − λ′′s)[ c2θDK1H(s) + s2θDK1L(s) ] . (A-3)
The form factors for the ∆S = 0 processes are:
• τ−(p)→ π−(p1)ρ0(p2)ντ (q)
v = 0 , (A-4)
a1 =
1
2MρF
{
FV (m
2
pi −M2ρ − s)− 2GV (m2pi +M2ρ − s) + 2
√
2FADa1(s)×
×[λ0m4pi + (M2ρ − s)(λ′M2ρ − λ′′s)−m2pi(λ0M2ρ + λ′M2ρ + λ0s+ λ′′s) ]
}
,
a2 = −2GVMρ
F
Dpi(s) +
2
√
2FAMρ
F
(λ′ + λ′′)Da1(s) ,
a3 =
FV − 2GV
FMρ
− 2GVMρ
F
Dpi(s) +
2
√
2FA
FMρ
(λ0m
2
pi + λ
′′M2ρ − λ′′s)Da1(s) . (A-5)
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• τ−(p)→ π−(p1)ω(p2)ντ (q)
v = −i 2FV1
FMω
[ dmm
2
pi + dMM
2
ω + dss ]Dρ′(s)
−i 4FV
FMω
[ (d1 + 8d2)m
2
pi + d3(−m2pi +M2ω + s) ]Dρ(s)
+i
2
√
2
FMVMω
[ (c1 + c2 + 8c3 − c5)m2pi + (c2 + c5 − c1 − 2c6)M2ω + (c1 − c2 + c5)s ] ,
(A-6)
ai = 0 . (A-7)
• τ−(p)→ K−(p1)K∗0(p2)ντ (q)
v = −i 2
√
2FV
FKMK∗
[ (d1 + 8d2)m
2
K + d3(−m2K +M2K∗ + s) ]Dρ(s)
+ i
2
FMVMK∗
[
(c1 + c2 + 8c3 − c5)m2K + (c2 + c5 − c1 − 2c6)M2K∗ +
+(c1 − c2 + c5)s
]
− i
√
2FV1
FKMK∗
[ dmm
2
K + dMM
2
K∗ + dss ]Dρ′(s) ,
a1 = − 1
2
√
2MK∗FK
{
FV (m
2
K −M2K∗ − s)− 2GV (m2K +M2K∗ − s) +
+2
√
2FA[λ0m
4
K + (M
2
K∗ − s)(λ′M2K∗ − λ′′s)
−m2K(λ0M2K∗ + λ′M2K∗ + λ0s+ λ′′s) ]Da1(s)
}
,
a2 =
√
2GVMK∗
FK
Dpi(s)− 2FAMK
∗
FK
(λ′ + λ′′)Da1(s) ,
a3 =
−FV + 2GV√
2FKMK∗
+
√
2GVMK∗
FK
Dpi(s)− 2FA
FKMK∗
(λ0m
2
K + λ
′′M2K∗ − λ′′s)Da1(s) ,
(A-8)
where the contributions from the new vector multiplet V1 have been included in the expressions
above. We have used the same notation a1 for the axial vector resonance a1(1260) and the axial
vector form factor. This should not cause any confusion.
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